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ABSTRACT 


The  ocean  depth  data  collected  by  S.  M.  Smith,  H.  M.  Menard,  and  G.  Sharman 
in  1966  at  the  Scripps  Institution  of  Oceanography  are  rearranged  and  linearly 
interpolated  to  fit  a new  1°  by  1°  spherically  graded  grid  system  suitable 
for  modeling  of  global  ocean  tides  and  currents.  The  original  data  bank 
is  corrected  for  various  listing  errors.  All  land,  gridwise  disconnected 
border  seas,  and  shallow  coastal  waters  of  less  than  5 m depth  are  deleted 
from  the  main  ocean  basin.  The  total  depth  range  is  confined  between  20 
and  7000  m.  At  over  3000  grid  cells,  hydrostatically  defined  original  data 
are  hydrodynamically  redefined  to  account  for  barrier  effects  of  narrow  ocean 
ridges  and  other  obstacles  that  cause  significant  distortions  and  retardations 
of  ocean  tidal  waves  and  other  ocean  currents.  The  revised  bathymetric  data 
are  tabulated  in  this  report  and  are  available  in  tape  form  from  the  Naval 
Surface  Weapons  Center,  Dahlgren,  Virginia. 
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1.  INTRODUCTION 
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< 

The  modeling  of  ocean  tides  and  other  ocean  currents  by  discrete  hydro- 
dynamical  equations  of  motion  requires  a gridwise  defined  bathymetry  of  the 
ocean  basin.  For  the  worldwide  oceans,  essentially  1°  by  1°  averaged  depth 
data  were  compiled  by  Dishon  (1964)  and  in  revised  form  by  Dishon  and  Heezen 
(1968).  Ocean  depth  and  land  elevation  data  were  collected  by  S.  M.  Smith, 
et  al.  (1966)  . The  latter  collection  has  been  somewhat  revised  by  Gates  and 
Nelson  (1975)  ; and  both  sets  are  available  in  tape  form. 

As  was  pointed  out  by  Schwiderski  (1978)  , the  basic  ocean  depth  data 
by  S.  M.  Smith,  et  al.  (1966)  are  essentially  defined  on  the  basis  of  the  , 

following  "hydrostatic  principles:" 

a.  Any  grid  cell  was  declared  "oceanic"  if  and  only  if  at  least  half 

of  its  mesh  area  was  estimated  under  water. 

b.  The  "average  depth"  of  an  oceanic  grid  cell  was  defined  by  preserving  ' 

the  estimated  actual  water  mass  for  the  entire  cell,  i.e.,  by  averaging 

over  the  whole  mesh  area. 

Those  hydrostatically  defined  depth  data  were  used  by  the  author  for  the  ! 

hydrodynamical  computation  of  ocean  tides  with  rather  disappointing  results, 
especially  over  narrow  ocean  ridges  such  as  the  Aleutian,  Hawaiian,  Marianas, 
and  Caribbean  ridges.  A closer  look  at  these  data  revealed  the  hydrodynamical 
weakness  of  the  definition  principles.  Cells  were  found  that  were  crossed 
by  elongated  islands  and,  hence,  represented  a complete  flow  barrier,  yet 
the  cell  was  designated  oceanic  in  principle  (a)  cited  above.  Often,  such 
islands  paralleled  deep  ocean  trenches  (say  7000  m) , so  an  average  depth  of 
more  than  3500  m was  assigned  to  the  entire  cell  by  applying  principle  (b) . 
Hydrodynamically,  a cell  of  this  type  should  be  defined  "terrestrial”  with 
depth  zero. 

In  Section  2,  the  shortcomings  of  the  S.  M.  Smith,  et  al.  (1966)  data 
will  be  eliminated  by  applying  suitable  hydrodynamical  principles.  All  depth 
data  are  tabulated  in  map  form  in  Section  4. 


2.  HYDRODYNAMICAL  DEFINITION  OF  OCEAN  BATHYMETRY 


In  a first  step,  the  original  ocean  depth  data  collected  by  S.  M.  Smith, 
et  al.  (1966)  were  corrected  for  obvious  errors  in  continental  and  oceanic 
labeling,  ocean  and  land  signs,  shorelines,  and  some  exponents.  All  land  ele- 
vations were  set  at  zero  including  all  depth  data  less  than  5 m.  Isolated 
depth  data  larger  than  7000  m were  reduced  to  7000  m in  order  to  achieve  better 
stability  conditions  for  discrete  hydrodynamical  equations  governing  oceanic 
motions  (see  Schwiderski,  1978).  Furthermore,  the  following  meshwise- 
disconnected  border  seas  were  excluded  from  the  main  global  ocean  basin  by 
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assigning  zero  depth  values  to  their  corresponding  mesh  cels:  the  Baltic, 
Kattegat,  Irish,  Mediterranean,  Red,  Japan,  Sulu,  and  Ceram  Seas;  the  Hudson 
and  Korean  Bays;  and  the  Californian,  Chihlian,  and  Persian  Gulfs. 

In  a second  step  all  remaining  depth  data  were  rearranged  and,  where 
necessary,  linearly  interpolated  to  fit  a new,  more  uniform,  spherically 
graded  grid  system.  Accordingly,  the  depth  value  Hm  n is  representative 
for  the  mesh  cell  Sm  n with  the  center 

X = (m  - p/2)°  = longitude  east 

0n  = (n  - 1/2)°  = colatitude 


with 


m = p , 2u,  3p  , . . . , 360 
n = 1,  2,  3, . . . , 168 

where  p denotes  the  "grading"  parameter  defined  by: 
p = 1 for  n = 30  to  150 

p = 2 for  n = 15  to  29  and  151  to  168 

p = 4 for  n = 8 to  14 

p = 8 for  n = 1 to  7 

No  data  are  listed  for  Antarctica  south  of  colatitude  168° . 

Finally,  the  rearranged  data  were  modifified  at  over  3000  grid  points 
by  invoking  the  following  "hydrodynamical  principles:" 

a.  Boundary  cells  at  or  near  continental  shorelines  consisting  of  more 
than  half  oceanic  areas  of  depths  larger  than  5 m were  designated  ocean 
cells,  and  the  average  oceanic  depth  values  were  assigned  as  the 
"hydrodynamically"  averaged  depths  of  the  entire  cells. 

b.  Cells  containing  islands  were  declared  terrestrial  with  depths  zero, 
if  either  the  island  areas  were  larger  than  half  the  mesh  areas  or  the 
(elongated)  island  lengths  exceeded  the  mesh  diameter. 

c.  Island  cells,  that  remained  oceanic,  were  assigned  depth  values 

that  depended  on  the  assessed  "barrier  effects"  of  the  current  obstacles: 
the  longer  and/or  higher  the  barrier,  the  lesser  the  mean  depth.  For 
ridge  cells,  the  mean  ridge  depth  was  assigned  to  the  entire  cell. 

The  redefinition  of  the  bathymetry  was  obviously  intended  to  account  for 
significant  barrier  effects  of  bottom  irregularities  on  ocean  currents.  In 
particular,  principle  (a)  is  preferrable  to  principle  (a)  in  Section  1 because 


the  latter  artifically  introduced  a shelf  character  into  the  bathymetry.  The 
total  depth  range  was  limited  by 

20  m < < 7000  m 

It  may  be  mentioned  that  the  revised  depth  data  played  an  important  role 
in  the  accurate  and  detailed  construction  of  ocean  tides  (see  Schwiderski 
1978  and  1979) . 
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4 .  BATHYMETRIC  TABLES 


NOTE:  The  hydrodynamically  defined  depth  data  Hm  n in  dm  are  listed 

in  map-like  tables  (2  pages)  for  9 sections  of  42°  longitudes 
and  3 zones  of  60°  colatitudes  with  obvious  overlaps.  Table 
(j,k)  refers  to  the  j-th  section  (j  = 1,2, 3,... 9)  and  the 
k-th  zone  (k=  1,2,3)  of  the  gridded  globe. 
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510 

51*, 

510 

513 

51  8 

520 

5?  ) 

52  3 

528 

528 

523 

516 

513 

148 

285 

318 

393 

445 

<*75 

495 

505 

513 

518 

5 26 

520 

52  3 

52  6 

570 

530 

530 

530 

528 

523 

518 

51  * 

149 

31C 

.3  25 

375 

425 

<*75 

508 

515 

526 

52  C 

523 

528 

53  0 

530 

5.7  0 

530 

528 

523 

518 

513 

50  5 

495 

1 50 

290 

303 

348 

390 

430 

465 

49  5 

51* 

518 

5 23 

526 

53  0 

570 

530 

538 

528 

5’ 3 

61  6 

505 

495 

485 

151 

276 

30  9 

344 

3 99 

*46 

46  9 

479 

478 

469 

444 

152 

260 

27  J 

280 

28(1 

75) 

4 J 0 

4.70 

443 

436 

4u0 

153 

250 

260 

270 

256 

230 

28  0 

730 

400 

390 

360 

154 

.3  00 

290 

290 

3 C 0 

3 06 

266 

73" 

24  0 

23  0 

310 

155 

290 

280 

2 50 

320 

396 

77  6 

3 20 

28  0 

27  0 

28  9 

156 

29  0 

26  3 

280 

210 

34. 

37  0 

360 

320 

*10 

.30  6 

157 

250 

23  0 

180 

26  0 

270 

318 

32b 

320 

320 

32" 

158 

2 3u 

22  0 

180 

160 

2 0b 

200 

249 

310 

320 

31" 

159 

210 

220 

220 

220 

210 

200 

308 

310 

3 ?G 

300 

160 

40 

150 

200 

210 

220 

23b 

26" 

310 

*18 

161 

76 

100 

13.7 

177 

218 

25  0 

26  7 

162 

170 

141 

145 

149 

163 

70 

80 

35 

11* 

164 

3b 

40 

50 

53 

;o 

50 

165 

33 

40 

47 

49 

45 

41 

166 

25 

30 

40 

47 

49 

45 

41 

167 

168 

A 

N 

r 

4 

R 

c 
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40 

47 

2e 

49 

30 
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TABLE  <5, 3)  OCEAN  DEPTHS  IN  OFCA  MF'?P> 


ISO 

10  1 

102 

103 

184 

185 

186 

187 

188 

1 89 

1 9u 

191 

192 

193 

194 

195 

196 

19  7 

19" 

199 

20  C 

M/ 

ISO 

50 

70 

200 

220 

200 

140 

300 

620 

540 

530 

510 

510 

530 

540 

540 

520 

4*  0 

48m 

430 

410 

/ N 

1 1 9 

300 

200 

90 

210 

230 

160 

200 

620 

630 

540 

53u 

510 

510 

610 

52r 

536 

5 1C 

53  1 

•48" 

440 

43  0 

no 

320 

220 

130 

220 

220 

140 

210 

66  0 

590 

540 

5 30 

520 

510 

516 

520 

530 

500 

50  0 

48  0 

4 30 

43  0 

in 

350 

210 

160 

200 

200 

130 

360 

690 

580 

540 

5 40 

510 

510 

530 

640 

54 1 

500 

49m 

480 

460 

45  0 

112 

340 

20  0 

150 

220 

300 

2 50 

650 

650 

57  C 

550 

550 

550 

550 

550 

550 

550 

530 

510 

500 

480 

46  0 

113 

310 

100 

15  0 

17  0 

15  0 

450 

700 

59  0 

570 

560 

5 50 

550 

550 

550 

550 

550 

650 

540 

520 

60  0 

48  0 

114 

260 

170 

16  0 

150 

130 

550 

600 

560 

560 

56  0 

5 5 m 

56u 

550 

550 

550 

541 

540 

55  C 

330 

510 

50 : 

115 

260 

16J 

ISO 

160 

13  0 

600 

570 

566 

550 

550 

550 

5*0 

55  0 

550 

550 

550 

530 

54  C 

53u 

516 

510 

116 

24  0 

140 

10  0 

140 

270 

600 

570 

550 

550 

550 

550 

550 

550 

550 

550 

540 

530 

52  m 

520 

510 

50  0 

117 

320 

ISO 

220 

200 

40  0 

65  0 

530 

52  0 

540 

540 

550 

540 

540 

540 

540 

51" 

520 

52  0 

520 

520 

530 

118 

32  0 

19  0 

210 

25  0 

520 

660 

560 

55  3 

556 

540 

540 

540 

530 

530 

61u 

530 

520 

52’ 

520 

5 20 

5 1C 

119 

250 

190 

170 

300 

580 

640 

560 

540 

550 

550 

540 

530 

510 

630 

540 

530 

630 

530 

530 

52u 

52  0 

12’ 

210 

210 

190 

650 

64  0 

640 

590 

550 

520 

560 

5 61 

560 

550 

546 

54  0 

540 

540 

54  0 

54C 

53u 

5 30 

121 

230 

220 

190 

650 

650 

600 

5 80 

56  G 

510 

510 

5 70 

606 

590 

570 

55  0 

550 

550 

540 

540 

546 

54  0 

122 

27  0 

ISO 

400 

650 

610 

570 

570 

590 

580 

510 

5 74 

570 

600 

500 

57  0 

570 

570 

55 1 

550 

55  0 

55  0 

123 

300 

250 

530 

650 

590 

570 

580 

590 

570 

570 

5 70 

570 

57  0 

570 

570 

570 

570 

67  0 

560 

550 

55  0 

124 

300 

350 

600 

600 

570 

570 

580 

580 

566 

560 

5 6m 

560 

56  0 

57  0 

5b  0 

560 

560 

560 

560 

550 

550 

125 

200 

420 

500 

600 

560 

560 

56  u 

560 

566 

560 

560 

550 

55  0 

560 

550 

550 

550 

53  0 

530 

550 

550 

126 

27  0 

450 

510 

550 

550 

550 

550 

55  0 

550 

550 

550 

556 

55  0 

550 

550 

550 

550 

55  0 

550 

550 

620 

127 

270 

400 

300 

460 

530 

550 

550 

550 

550 

520 

5 20 

530 

550 

550 

550 

551 

550 

55  3 

550 

5 30 

500 

128 

350 

350 

300 

440 

56  0 

530 

530 

530 

520 

490 

486 

480 

40  0 

480 

520 

640 

550 

55  0 

556 

520 

500 

129 

330 

340 

370 

420 

460 

510 

510 

510 

510 

500 

480 

48u 

490 

440 

480 

510 

520 

520 

530 

510 

500 

130 

200 

310 

330 

340 

386 

380 

3 80 

390 

450 

45  0 

466 

460 

40  6 

500 

610 

510 

510 

520 

520 

510 

500 

131 

250 

27  0 

27  u 

20  0 

20  3 

200 

350 

350 

270 

380 

403 

400 

420 

460 

610 

510 

350 

41  0 

500 

5 00 

520 

132 

150 

150 

160 

100 

200 

230 

230 

230 

220 

230 

250 

280 

33  U 

486 

510 

530 

510 

430 

46O 

516 

520 

133 

60 

60 

54 

50 

50 

70 

100 

16  0 

210 

30  0 

326 

460 

470 

53  0 

E40 

540 

540 

530 

520 

510 

510 

134 

17  0 

190 

100 

150 

100 

120 

170 

300 

450 

510 

510 

520 

530 

550 

550- 

550 

550 

54  0 

540 

540 

530 

135 

300 

320 

310 

340 

300 

220 

400 

48  0 

510 

5 20 

5 30 

540 

55  0 

550 

560 

55" 

550 

55  0 

550 

554 

550 

1 36 

30  0 

30  0 

370 

420 

460 

470 

480 

5u  0 

510 

5 30 

5 56 

550 

550 

55U 

550 

550 

550 

55  0 

550 

556 

650 

137 

00 

150 

300 

430 

50  0 

510 

520 

53  0 

540 

540 

550 

550 

55  0 

550 

550 

55  3 

550 

54  0 

540 

540 

54  0 

138 

100 

25  0 

450 

510 

520 

530 

540 

550 

550 

550 

5 40 

540 

54U 

550 

55  0 

550 

55C 

55  C 

550 

550 

55  0 

139 

27  0 

410 

510 

520 

530 

540 

550 

550 

550 

550 

5 46 

540 

540 

54  0 

55  C 

550 

550 

551 

550 

550 

5 5 8 

14C 

503 

500 

515 

525 

53  5 

545 

555 

565 

563 

548 

538 

533 

533 

538 

540 

541 

5 40 

540 

540 

540 

538 

141 

523 

520 

533 

530 

548 

563 

563 

54  0. 

538 

533 

5 30 

530 

533 

53  0 

*38 

533 

530 

530 

530 

530 

528 

142 

533 

530 

540 

540 

548 

563 

575 

505 

580 

560 

5 43 

528 

523 

528 

528 

523 

520 

520 

520 

52  C 

518 

143 

525 

535 

545 

555 

560 

560 

563 

56  8 

560 

5 40 

525 

515 

513 

5ie 

518 

513 

518 

53  3 

500 

500 

498 

1 44 

515 

525 

535 

545 

550 

556 

545 

535 

520 

5 00 

493 

498 

90  3 

60  8 

508 

5"  3 

496 

4*5 

480 

408 

47  8 

145 

50  5 

495 

490 

490 

493 

498 

490 

493 

488 

483 

4 85 

495 

5m  3 

508 

50* 

408 

478 

473 

478 

470 

465 

146 

500 

50  3 

495 

405 

40  3 

408 

408 

483 

483 

48  8 

495 

505 

505 

495 

48  5 

475 

460 

463 

45  8 

453 

445 

147 

505 

495 

400 

4(3 

400 

486 

478 

473 

475 

4 85 

490 

490 

488 

403 

478 

473 

468 

463 

45  5 

445 

435 

148 

400 

40  3 

470 

473 

470 

470 

470 

47  0 

473 

478 

4 8m 

400 

47  8 

4 71 

468 

463 

45  8 

457 

445 

4 35 

42  3 

149 

470 

473 

460 

463 

460 

460 

460 

460 

463 

468 

476 

47  0 

468 

463 

45* 

453 

440 

443 

435 

425 

413 

150 

445 

449 

440 

429 

409 

3 85 

390 

400 

409 

40* 

386 

151 

410 

420 

400 

419 

270 

330 

300 

370 

370 

350 

330 

152 

300 

410 

29  u 

390 

: »o 

310 

1m  0 

290 

290 

29  0 

290 

153 

320 

350 

360 

366 

200 

280 

280 

28C 

280 

290 

30  * 

154 

20  0 

300 

30  0 

300 

280 

270 

29  6 

290 

310 

310 

320 

165 

300 

220 

20  0 

260 

270 

2 90 

310 

330 

343 

33  6 

343 

156 

320 

310 

290 

280 

290 

290 

340 

366 

366 

360 

36  0 

157 

310 

20  0 

220 

330 

260 

3 40 

370 

3*0 

3 80 

38u 

38  0 

168 

300 

310 

390 

390 

400 

4 00 

40  0 

400 

390 

400 

400 

159 

340 

370 

460 

410 

410 

410 

410 

410 

416 

'4  6* 

410 

160 

2 53 

297 

31u 

350 

390 

403 

4b  7 

410 

413 

4 1 1 

413 

161 

135 

115 

123 

215 

207 

3 54 

186 

411 

415 

419 

420 

162 

114 

106 

122 

210 

298 

338 

362 

303 

395 

407 

410 

163 

71 

99 

133 

185 

237 

?7l 

299 

325 

345 

365 

373 

164 

45 

61 

76 

100 

124 

166 

214 

266 

200 

304 

31  9 

165 

43 

47 

55 

75 

95 

94 

86 

*5 

166 

125 

164 

166 

43 

47 

55 

55 

51 

53 

57 

64 

80 

96 

100 

167 

40 

/ 

\ 42 

N 

58 

T 

50 

A 

42 

R 

43 

c 

47 

r 

51 

1 

53 

c 

39 

A 

42 

I 68 

49 
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Tar  i 

.f  <f 

i.  ’> 

uC 

: tun 

OEP1 

IN  JtC«  MtTF* 

1 3 

\M 
u v 

199 

2 00 

201 

24  2 

203 

204 

205 

206 

207 

206 

209 

210 

211 

212 

217 

214 

315 

21b 

217 

21* 

219 

109 

930 

410 

400 

47C 

480 

480 

47  0 

460 

450 

43: 

*.31 

420 

38  0 

370 

400 

44  0 

440 

*60 

420 

379 

20" 

110 

99  0 

430 

40C 

40  0 

420 

470 

470 

650 

450 

44  J 

oer 

430 

420 

410 

44  u 

450 

43  0 

♦ 36 

430 

456 

410 

111 

930 

430 

480 

46  0 

4 3u 

430 

460 

46" 

46b 

460 

*60 

4b0 

4*=  0 

45C 

456 

461 

4»: 

.53 

*00 

4)3 

46" 

112 

96n 

450 

4 to 

46  4 

450 

460 

460 

420 

460 

46u 

4bb 

420 

450 

460 

450 

460 

45  0 

47  0 

*69 

460 

460 

1 13 

96  0 

460 

480 

46  0 

480 

48u 

460 

450 

440 

41b 

38" 

41.0 

*5  G 

440 

450 

470 

46  0 

47" 

460 

46  6 

46" 

ll«t 

50  0 

4 80 

480 

46  0 

4 80 

480 

47  0 

660 

460 

46  J 

46  C 

45  0 

340 

44  0 

381 

450 

450 

46" 

470 

*70 

476 

115 

51u 

500 

460 

48  u 

469 

46C 

460 

470 

470 

470 

46u 

46  0 

46u 

37 

*1 

410 

410 

460 

470 

46  b 

480 

lit 

510 

5JC 

490 

494 

490 

48  0 

46  Q 

48  0 

470 

463 

46" 

46  0 

440 

44  F 

410 

390 

410 

42" 

4 *6 

450 

456 

117 

51u 

500 

490 

490 

49u 

500 

46  C 

480 

470 

4 71 

46  C 

46  0 

440 

40" 

*41 

370 

3*0 

760 

4 1 J 

43  0 

446 

116 

52  J 

5 00 

49  C 

43  i) 

48  0 

49b 

4*0 

460 

46C 

4 7j 

460 

44  0 

450 

45" 

450 

443 

30b 

270 

310 

3>  " 

410 

119 

520 

510 

500 

490 

490 

4 9C 

4*b 

460 

4*0 

48b 

460 

450 

460 

46: 

46  J 

450 

45" 

370 

330 

37: 

38" 

120 

52  0 

520 

510 

49  4 

490 

490 

49  0 

69u 

490 

4 90 

4«b 

460 

48b 

480 

4*0 

470 

450 

466 

430 

430 

420 

121 

530 

530 

510 

50  0 

5uO 

50  G 

49o 

>9  0 

490 

49  j 

5 Ou 

*9  0 

490 

46  0 

480 

460 

466 

48J 

47u 

43* 

446 

122 

590 

594 

50  0 

500 

500 

500 

4 9u 

490 

490 

496 

49  C 

4j0 

48  0 

49l 

490 

460 

*!  b 

’.*0 

48" 

461 

46r 

123 

550 

550 

500 

54  0 

500 

509 

50  0 

490 

490 

4 9„ 

49u 

490 

490 

500 

509 

49: 

49  0 

490 

490 

49b 

480 

129 

55  0 

550 

500 

50  0 

500 

500 

50'b 

500 

500 

5 0b 

500 

50  0 

500 

510 

51" 

51J 

50  b 

5b  0 

500 

500 

5 bO 

125 

550 

550 

5 1 C 

51 U 

Slu 

510 

510 

‘10 

520 

5 20 

52u 

52  0 

520 

520 

521 

520 

510 

51U 

500 

50  0 

500 

126 

55  0 

550 

520 

52  0 

520 

520 

530 

‘40 

540 

5 40 

540 

53  0 

530 

530 

5 30 

520 

*2f 

520 

510 

5u  9 

5*6 

127 

550 

520 

51" 

514 

520 

520 

5*0 

‘40 

5 50 

550 

560 

56  0 

55C 

540 

530 

539 

52  C 

52u 

5 10 

500 

500 

126 

530 

500 

490 

490 

520 

530 

540 

530 

520 

530 

530 

53  0 

540 

54C 

540 

5 4u 

530 

510 

510 

510 

510 

129 

520 

50  0 

440 

4 60 

460 

480 

49  0 

49  6 

500 

510 

520 

510 

530 

53  0 

619 

519 

55" 

550 

5 50 

5*" 

54" 

130 

510 

500 

460 

460 

460 

460 

470 

47C 

470 

4 61 

49b 

510 

530 

643 

55" 

55  0 

5;  0 

659 

550 

550 

550 

131 

510 

500 

460 

47  0 

48  0 

470 

480 

480 

460 

486 

490 

52u 

550 

550 

550 

559 

550 

55" 

550 

560 

5 5" 

132 

50  0 

520 

490 

460 

480 

4 60 

490 

490 

4 90 

5 00 

600 

510 

53u 

650 

560 

650 

550 

650 

550 

55  0 

560 

133 

510 

520 

490 

460 

490 

490 

49  0 

490 

5 (C 

5 1 j 

510 

510 

510 

64b 

540 

540 

54  0 

540 

54* 

530 

540 

139 

510 

510 

460 

46  0 

500 

4 90 

490 

500 

500 

510 

510 

52  u 

520 

f?C 

530 

530 

530 

530 

5 3 u 

530 

5 3" 

135 

590 

530 

4 5 3 

46  0 

480 

48b 

48  0 

500 

50  C 

5 0 J 

51b 

520 

529 

52  b 

529 

520 

52  b 

520 

520 

52  0 

540 

136 

550 

550 

4 80 

460 

400 

46  0 

48  0 

48  u 

490 

490 

500 

510 

510 

510 

510 

51* 

510 

510 

510 

51b 

51" 

137 

550 

550 

490 

48  0 

480 

480 

48  0 

>90 

4 90 

4 9u 

50  u 

50" 

500 

50" 

499 

40" 

49  0 

500 

500 

500 

500 

138 

54„ 

■=40 

480 

490 

490 

490 

49  0 

500 

5C0 

500 

500 

*90 

490 

(,00 

460 

480 

4*1 

4 90 

4 9b 

*90 

49" 

139 

55  0 

55  C 

460 

50  0 

5*0 

510 

500 

490 

500 

611 

520 

51" 

49  u 

481 

46  1 

46C 

4*  b 

480 

460 

46  0 

480 

190 

55  o 

550 

47  w 

460 

460 

460 

460 

480 

4 60 

4 80 

460 

4 90 

490 

500 

490 

460 

43  0 

47  0 

470 

48  C 

48C 

191 

540 

53* 

533 

526 

523 

618 

517 

5U6 

5 03 

495 

485 

*76 

473 

466 

467 

45" 

45  3 

443 

428 

423 

428 

192 

53  0 

528 

523 

52*, 

520 

520 

520 

518 

513 

506 

496 

*85 

479 

465 

455 

445 

43  5 

416 

393 

*61 

32  0 

193 

520 

518 

513 

519 

SIO 

510 

510 

510 

51  0 

5 63 

466 

475 

465 

46* 

445 

433 

416 

39  3 

*58 

33* 

33* 

199 

5 JO 

498 

493 

49  0 

490 

468 

46  3 

478 

473 

4 66 

463 

45  6 

453 

445 

435 

423 

4i* 

79  J 

77b 

340 

3 00 

195 

46C 

478 

473 

468 

463 

458 

453 

448 

443 

433 

*33 

428 

423 

415 

4"5 

393 

37  6 

365 

3 55 

338 

313 

19t 

47u 

465 

455 

445 

435 

426 

42  3 
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330 

350 

36  0 

380 

39U 

40  P 

121 

V' 

20 

120 

250 

700 

35C 

360 

375 

7*  9 

390 

36b 

39  P 

122 

20 

6U 

18  0 

30  0 

340 

37  0 

409 

400 

40" 

400 

410 

41" 

123 

20 

90 

1 33 

230 

32  0 

77u 

40  2 

430 

425 

42  5 

470 

430 

44  0 

124 

5 

V 

10 

25 

150 

300 

350 

400 

430 

450 

460 

450 

45  0 

460 

450 

460 

125 

5 

6 

7 

15 

170 

260 

3 89 

420 

47b 

5 00 

5 00 

49  9 

475 

475 

480 

480 

47  0 

126 

5 

10 

20 

12  0 

28  0 

36  0 

410 

460 

50  0 

510 

510 

500 

50  0 

53  C 

510 

510 

500 

127 

7 

20 

110 

200 

330 

390 

4 30 

470 

510 

515 

520 

510 

510 

510 

51b 

5 10 

510 

126 
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15 

110 
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350 

45  0 
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510 
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530 

520 
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520 
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129 
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10 
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40 

200 
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490 

510 

5 10 

520 
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520 

520 
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130 
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10 
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110 

300 

410 
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510 
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520 

520 

520 
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520 

520 
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5 30 

530 

131 
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20 

100 

30  0 
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480 
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530 
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500 

510 

510 

520 

5 20 

520 

520 

520 

510 
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173 
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100 
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350 

450 

510 

510 

520 

520 

530 

5 20 

520 

520 

510 

510 

510 

510 

52  0 

520 

520 

520 

134 

20 

120 
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380 
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520 
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550 

530 

550 

530 

520 

510 

450 
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500 

510 

520 

510 

520 

520 

135 

30 

120 

250 

400 
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520 

530 
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540 

560 

580 

540 
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540 

520 

510 
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510 

510 

530 

136 

60 
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250 
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500 
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560 
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570 
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600 

560 

56  0 

570 

550 

540 

530 

53  0 

530 

550 

55  0 

137 

70 
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250 

400 
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520 

5 30 

540 

550 

560 

600 

600 
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60  0 

590 

580 

5 89 

5 3 0 

550 
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59  0 

138 

50 

70 

60 

150 

20  0 

330 

480 

500 

500 

600 

610 

610 

610 

600 

590 

590 

600 

53  0 

580 

560 

550 

1 39 

4O 

50 

60 

70 
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170 

220 

350 

520 

500 

580 
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49  " 
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20 

30 

49 

75 
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253 
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278 

27  5 

265 

245 
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200 
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270 

353 

1 41 

FA 
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75 
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198 

233 

258 
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258 

245 

235 
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230 
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350 

142 

26 

20 

36 

79 

125 
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308 
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310 
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143 
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265 

235 
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233 
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323 

310 
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130 
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144 

30 

30 

30 

35 
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160 

250 

350 

405 

415 

418 

413 
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415 

407 

35  8 
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298 

23  5 

145 

400 

40  0 

400 

40  0 

380 

340 

340 

38b 

403 

4 08 

4 08 

403 

39  5 

38  5 

378 

373 

358 
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3 26 

343 
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146 

390 

393 

396 

413 

433 

458 

463 

448 

436 

433 

428 

423 

413 

398 

366 

383 

38" 

330 

376 

373 

358 

147 

400 

40  0 

400 

400 

40  5 

415 

423 

428 

420 

400 

39b 

390 

388 

363 

360 
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305 

31  5 

326 

347 
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393 
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398 

393 

395 

405 

408 

403 

400 
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398 

393 
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154 

40 
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180 

310 
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410 

390 

400 

47  0 

155 

30 

40 

70 

230 

3 50 

410 

410 

419 

420 
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156 

30 

40 

70 

280 

36b 

410 
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420 
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30 

40 
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270 

3 5u 
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390 
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1 58 
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40 
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310 
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400 
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159 

30 

60 
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30 
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30 
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50 
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319 

320 

321 

V 

322 

323 

324 

325 

12 1 

327 

328 

329 

33  0 

3 31 
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333 

334 

335 
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337 

338 

3 39 
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\ 

•L 
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20 

160 

340 

40  u 

<•20 

430 

4 50 

470 

480 

490 

510 

520 

530 

5*0 

550 

540 

510 

50  0 

110 

50 

70 

250 

3 80 

410 

430 

450 

460 

470 

48  0 

49  0 

510 

530 

550 

570 

590 

570 

54  0 

520 

111 

** 

210 

250 

27  0 

350 

38  0 

270 

410 

4 30 

470 

480 
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330 

530 

560 

53  0 

580 

570 

550 

530 

112 

15 

220 

310 

370 

410 
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420 
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470 

480 
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510 

530 

550 
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540 

530 

113 
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120 

2 50 
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420 

430 

440 

460 

480 

490 

510 

520 

520 

530 

520 

530 

5 30 

52  0 

520 

1 1 A 
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220 

310 

350 

380 

410 

420 

450 

460 

480 

500 

510 

520 

510 

530 

520 

520 

520 

500 

500 

50  0 

115 

220 

300 

320 

36  0 

400 

420 

440 
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480 

5 QO 

510 

5 20 

530 

530 

530 

530 

520 

510 

500 

49  0 

490 

116 

270 

300 

350 

390 

420 

430 

44  0 

A60 

480 

4 90 

510 

520 

530 

570 

540 

540 

52  0 

510 

500 

49  0 

470 

117 

280 

330 

380 

420 

430 

440 

450 

A60 

475 

490 

510 

520 

520 

540 

560 

550 

530 

510 

500 

490 

470 

118 

20  0 

360 

410 

430 

430 

430 

44  0 

A50 

460 

4 80 

500 

510 

510 

525 

530 

520 

510 

510 

490 

480 

470 

119 

39  0 

380 

410 

420 

420 

410 

410 

420 

440 

440 

440 

430 

430 

480 

500 

500 

50  0 

500 

4 90 

490 

460 

120 

AOu 

410 

410 

410 

370 

350 

380 

320 

380 

380 

360 

340 

290 

400 

475 

475 

475 

48  0 

480 

450 

420 

121 

390 

400 

400 

350 

250 

200 

230 

220 

2 6b 

330 

350 

33  0 

300 

380 

450 

450 

4»P 

47  0 

470 

450 

430 

122 

380 

390 

410 

380 

300 

270 

270 

280 

230 

3 60 

390 

35  0 

320 

4 00 

425 

425 

44  0 

460 

460 

440 

420 

123 

A10 

410 

430 

410 

400 

350 

300 

360 

400 

500 

500 

37  0 

35  0 

390 

410 

410 

45  0 

48  0 

440 

420 

420 

1 2 A 

430 

440 

430 

430 

420 

410 

380 

480 

490 

450 

420 

390 

380 

390 

410 

410 

420 

421 

410 

40  0 

400 

125 

450 

460 

440 

45  0 

430 

420 

440 

500 

490 

453 

410 

4 00 

39  0 

400 

410 

410 

39  0 

39  0 

390 

390 

380 

126 

480 

470 

480 

46  0 

44  0 

450 

460 

A60 

460 

450 

420 

410 

40  0 

410 

410 

410 

390 

790 

3 80 

380 

360 

127 

510 

500 

490 

490 

4 80 

470 

470 

47  0 

460 

4 45 

43  0 

410 

410 

410 

410 

410 

410 

400 

39U 

38  0 

360 

128 

510 

510 

510 

510 

490 

480 

48b 

A90 

4 80 

4 60 

430 

400 

420 

420 

410 

410 

410 

Aid 

400 

38  0 

360 

129 

520 

520 

510 

510 

500 

490 

480 

490 

500 

480 

440 

42  0 

440 

430 

430 

420 

420 

410 

40  0 

380 

360 

130 

520 

520 

520 

520 

510 

500 

490 

490 

520 

4 90 

470 

440 

460 

44  0 

430 

42  0 

42  G 

410 

400 

380 

36  0 

131 

530 

530 

530 

530 

530 

520 

500 

490 

490 

520 

480 

470 

470 

450 

440 

430 

420 

42  0 

410 

40  0 

390 

132 

54  0 

530 

530 

530 

530 

520 

510 

500 

490 

500 

510 

500 

480 

460 

450 

440 

43  0 

429 

410 

39  0 

38  0 

133 

53  0 

530 

530 

52  0 

520 

510 

510 

500 

490 

480 

480 

490 

48  0 

460 

450 

440 

430 

420 

410 

330 

370 

13A 

520 

520 

520 

520 

520 

520 

510 

510 

500 

490 

480 

50  0 

480 

470 

460 

450 

44  0 

438 

420 

40  0 

390 

135 

520 

520 

520 

520 

520 

520 

510 

510 

510 

500 

490 

50  0 

490 

480 

470 

460 

450 

440 

430 

410 

400 

136 

510 

530 

510 

52  0 

520 

520 

52  u 

510 

510 

510 

500 

500 

490 

490 

480 

47  0 

460 

450 

440 

425 

410 

137 

550 

550 

520 

530 

520 

520 

520 

520 

510 

510 

510 

50  0 

510 

500 

500 

490 

48  0 

465 

450 

43  5 

425 

138 

590 

590 

570 

550 

530 

520 

52  0 

520 

510 

510 

510 

500 

500 

51  0 

5 10 

5 00 

480 

47  0 

450 

440 

450 

139 

560 

550 

550 

520 

510 

520 

58  0 

520 

510 

503 

500 

490 

450 

470 

500 

490 

43  0 

47  0 

460 

450 

440 

1.A0 

490 

470 

380 

40  0 

480 

550 

58  0 

520 

510 

510 

510 

52  0 

530 

510 

490 

460 

470 

46  0 

460 

450 

44  0 
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270 

353 

438 

48  5 

495 

500 

50  0 

500 

500 

500 

50  0 

495 

485 

480 

480 

478 

47  3 

463 

448 

435 

425 

142 

290 

35  0 

410 

435 

425 

4 28 

443 

425 

375 

363 

388 

400 

400 

413 

438 

450 

45  0 

445 

435 

428 

423 

143 

330 

350 

370 

360 

320 

320 

36U 

355 

305 
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310 

340 

380 

415 

445 

453 

43  8 

425 

415 

41  3 

418 

144 

18  0 

185 

19  5 

175 

125 

150 

25  0 

305 

315 

340 

260 

413 

43  8 

463 

468 

4 95 

485 

463 

428 

410 

410 

145 

298 

235 

145 

80 

40 

SSI 

140 

248 

383 

488 

563 
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600 

570 

52  3 

455 

405 

393 

41  8 

146 

343 

34  0 

320 

308 

303 

270 

210 

230 

330 

3 83 

3 88 
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396 

478 

513 

550 

550 

518 

453 

4 39 

4 65 

147 

373 

358 
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333 

358 
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340 

338 

353 

355 

345 

338 
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330 

170 

410 

550 

570 

523 

483 

488 

148 
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328 

320 

320 

323 

328 

330 

330 
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315 

325 
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150 

415 
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555 
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149 
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303 
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290 
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150 
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280 
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228 
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256 
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150 

280 
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47  5 

525 

520 

46n 

15  1 
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311 

221 

248 

276 

273 

244 

365 

530 

506 

152 

230 

380 

400 

430 

380 

300 

320 

480 

480 

480 

153 

310 

420 

500 

470 

420 

440 

490 

490 

430 

490 

154 

380 

50  0 

490 

*70 

450 

460 

480 

* 

490 

500 

530 

155 

470 

480 

480 

47  0 

470 

47  0 

480 

480 

490 

500 

156 

450 

460 

460 

470 

4 70 

470 

480 

480 

490 

490 
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420 

440 

44  0 

450 

4 60 

470 

480 

48  0 

43  0 
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400 

410 
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460 
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47  0 

159 
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40  0 

400 

400 
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160 

37  0 
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3 90 

390 

410 

420 

410 

410 

161 

40  8 

432 

446 

430 

414 

410 

410 

409 

435 

4]  1 

162 

371 

399 

418 

410 

402 

40  0 

40  0 

400 

400 

40  0 

163 

267 

30  3 

332 

340 

3 48 

35  3 

357 

360 

360 

360 

164 

201 

229 

255 

2 75 

! 95 

303 

3 07 

279 

250 

180 

165 

121 

149 

169 

165 

161 

157 

153 
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109 
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89 
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90 
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80 
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361 

342 

343 

344 

345 

346 

34  7 

348 

346 

3 50 

351 

35  2 

35  3 

35  4 

355 

356 

357 

356 

359 

36  0 

M/ 

690 

470 

410 

420 

380 

390 

350 

30  0 

300 

300 

31) 

35  0 

380 

420 

470 

500 

500 

50  0 

510 

510 

510 

/ N 
109 

510 

490 

45b 

450 

450 

430 

400 

320 

300 

320 

300 

350 

400 

430 

4 60 

490 

490 

490 

500 

510 

510 

110 

510 

490 

470 

470 

460 

420 

410 

320 

330 

350 

353 

380 

420 

450 

480 

480 

49  0 

43  0 

500 

510 

510 

111 

510 

490 

490 

500 

480 

400 

400 

320 

250 

320 

410 

420 

44  0 

470 

500 

490 

500 

53  0 

500 

500 

510 

112 

500 

480 

480 

480 

450 

420 

400 

35  0 

300 

340 

41U 

430 

46  0 

500 

53b 

570 

580 

530 

510 

510 

510 

113 

690 

490 

470 

450 

410 

410 

400 

330 

320 

360 

390 

420 

480 

510 

530 

530 

520 

50  0 

500 

5 10 

500 

114 

600 

470 

450 

400 

400 

400 

340 

23  0 

35  0 

38  0 

39  0 

410 

400 

450 

510 

500 

490 

490 

490 

500 

510 

115 

670 

470 

450 

430 

420 

400 

350 

370 

380 

400 

400 

410 

40  0 

45  0 

47D 

475 

480 

49  0 

430 

510 

510 

116 

650 

450 

440 

420 

420 

410 

340 

35  0 

350 

390 

400 

410 

410 

430 

440 

450 

47U 

48  0 

490 

500 

510 

117 

650 

430 

4 30 

410 

400 

410 

350 

300 

310 

340 

3 gu 

400 

410 

400 

420 

430 

4 60 

48  0 

490 

500 

49  0 

118 

630 

420 

410 

400 

390 

380 

300 

300 

320 

340 

3 65 

390 

400 

425 

440 

440 

460 

48  0 

490 

500 

480 

119 

600 

4 00 

390 

370 

370 

350 

310 

310 

320 

340 

360 

380 

400 

450 

450 

450 

450 

45  0 

450 

460 

45  0 

120 

610 

400 

380 

360 

34  0 

330 

320 

310 

310 

350 

370 

380 

43  0 

490 

450 

440 

440 

42  0 

411 

420 

4 10 

121 

610 

400 

370 

350 

330 

310 

310 

280 

310 

360 

390 

390 

42  0 

44  0 

450 

425 

420 

410 

400 

400 

400 

127 

600 

380 

365 

330 

310 

30  0 

300 

250 

340 

350 

400 

400 

410 

410 

410 

410 

390 

40  0 

400 

410 

28  0 

123 

300 
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.350 

320 

30  0 

250 

270 

32  0 

350 

37  0 

410 

410 

42  0 

410 

410 

400 

380 

32  0 

410 

420 

42  5 

124 

360 

350 

330 

310 

290 

290 

300 

35  0 

390 

400 

410 

410 

410 

400 

390 

380 

370 

380 

4 20 

440 

460 

125 

350 

330 

310 

280 

300 

300 

330 

34  0 

360 

380 

380 

39) 

380 

350 

380 

370 

380 

33  0 

420 

440 

460 

126 

36  0 

320 

30  C 

300 

290 

300 

330 
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